Objective: To analyse the physical growth of a representative school population sample from the Jequitinhonha Valley, Minas Gerais, Brazil, in comparison with the reference proposed by the Centre for Disease Control and Prevention (CDC-2000). Methods: The sample was composed of 5100 individuals (2730 girls and 2370 boys), aged 6-18 years. Body weight-for-age and height-for-age percentiles were obtained using the LMS method. Statistical and graphical comparisons were made with the corresponding percentiles of the CDC-2000 reference, estimated using the same method. Results: Overall, the calculated values of the L (asymmetry) and the S (variability) parameters were quite similar to the CDC-2000 reference values. However, M (median) was substantially different from the reference used in the study, mainly in schoolchildren over 12-13 years of age of both genders. The magnitude of the deficits of height-for-age and body weight-for-age observed in the schoolchildren from the Jequitinhonha Valley, Minas Gerais, Brazil, varied from 4 to 6 cm and from 3 to 6 kg, respectively. Conclusion: The body weight-for-age and height-for-age percentiles of schoolchildren population in the Jequitinhonha Valley, Minas Gerais, Brazil differed substantially from those referenced.
Introduction 40 deaths/1.000 live births. Figure 1 indicates the geographical location of the Jequitinhonha Valley, Minas Gerais, Brazil.
Sample
The reference population includes schoolchildren of both genders aged between 6 and 18 years, who were enrolled in the 2007 school year. According to information given by the Sector of Statistics of the State of Minas Gerais' Secretariat of Education, at the beginning of the 2007 school year there were 175 826 schoolchildren enrolled in 5022 primary classes and 32 245 in secondary classes, which made up a total of 208 071 schoolchildren.
The selection of the sample followed a certain sequence of steps, in an attempt to obtain a stratified probabilistic sample which would actually represent the considered schoolchildren population. Firstly, all of the Jequitinhonha Valley's schoolchildren were classified separately by gender and chronological age, according to the school they were enrolled in. Secondly, the population of schoolchildren was stratified by the five administrative districts of the Jequitinhonha Valley.
It was decided to include 60 schools that were randomly selected from groups of schools gathered in the same section of an administrative micro region, each section having 16 schools.
The sample size was established assuming a 95% confidence interval, a 3% sampling error and an increment of 10% in order to cover possible losses when gathering the data. Since a cluster sampling selection was used, 1.5 of design effect was obtained. The sample size calculated was 4800 subjects. However, the sample used was 5100 subjects (2730 girls and 2370 boys). The criteria for excluding subjects were: (a) refusal to participate in the study; (b) not being authorized by the parents or tutors; (c) not going to class on the day scheduled for collecting the data; and (d) any physical incapacity.
Collecting data
Age was established in years and months. Height and body weight were measured according to standardized procedures (WHO 1995) . Measurements were taken by three anthropometries. Technical error varied between 20 and 50 g for body weight and between 2 and 5 mm for height.
Statistical analyses
The LMS parameters (Lambda for the skew, Mu for the median, and Sigma for the generalized coefficient of variation) were obtained using the method proposed by Cole et al. (1998) . This method takes note of any departures from normality of the growth reference by inclusion of the L parameter. The LMS parameters were calculated for each gender for each age segment of 3 months.
From the L, M and S values for body weight and height the percentiles of weight-for-age and of height-for-age were calculated according to the mathematical model (Cole 1990 ):
where L, M and S are values of asymmetry, median and variability calculated for each age segment and gender, and Z represents the value of score z corresponding to the selected percentile. In this case, we chose to consider the percentiles traditionally used in studies of physical growth and considered in international references (P3, P10, P25, P50, P75, P90 and P97). For each age segment and gender, the calculated percentiles equivalent to weight-for-age and height-for-age were compared with the corresponding values of the CDC-2000 reference , also established according to the LMS method, according to the fraction: 100 log(percentile of reference/calculated percentile). However, the results were gathered in three age groups: (1) from 6 to 9.5 years old; (2) from 10 to 14.5 years old; and (3) from 15 to 18 years old. The average in each age group and gender was used. All data analysis was carried in Stata 9.2 (Stata Corp. College Station, TX, USA).
Results
Tables I and II present the parameters L, M and S for body weight-for-age and for heightfor-age at/with 6 months intervals for girls and boys, respectively.
In Figures 2 and 3 the L, M and S curves of body weight-for-age and height-for-age are compared with the CDC-2000 reference. Overall, noticeable similarities between the curves can be observed. However, in the M curve, the observed differences in both genders are quite evident.
The comparison results of the percentiles body weight-for-age and height-for-age with the CDC-2000 reference can be observed in Table III . The discrepancy results between the percentiles of the present study, and the percentiles of CDC-2000 were positive when the reference values were superior to the calculated ones and otherwise negative. In the first segment of age the differences fluctuated between 0.02 and 3.43. Highest positive values were observed in the percentiles of body weight-for-age, in boys between 15 and 18 years of age. In percentiles for height-for-age, the difference increased proportionally with age, in both girls and boys, reaching the highest discrepancies at 15-18 years old.
Discussion
When growth curves are generated from LMS parameters the distribution is mathematically captured (Cole 1989 ). The LMS parameters can then be used to generate a growth chart. This process of generating a growth reference decreases the influence of minor errors originated during the sampling and measurement of the subjects and the abnormality of the distribution (Mei et al. 1998) .
Comparison of the L curves between this study and the CDC-2000 references, showed large similarities. The body weight-for-age L curves always had negative values for both genders, suggesting an increase of positive skew distribution which slowly decreased with age, reaching an inflexion point which tended to show once again more accentuated asymmetries, mainly in girls. In schoolchildren from Jequitinhonha, Minas Gerais, Brazil, the mean L values was close to -1.10 for both genders; however in girls the highest asymmetry occurred at the age of 16 years, with a mean L value of -1.68; whilst in boys this phenomenon was observed before the expected age of peak of biological maturation, between the 6 and 11 years of age, with a medium value of L equal to -1.28. The L parameter for height-for-age in girls had a progressive increase of asymmetry up to the age of 13, when a slight decline was detected and then a stable value until the age of 18 years. In boys, between the ages of 6-13 years there was a tendency for the L parameter value to remain stable, then an abrupt rise up until they were 16 years of age, and later a decrease of similar intensity.
The L curves drawn from the data of this study were very similar to curves presented by the CDC-2000 reference. According to Cole (1989) , occurrence of the same L curve pattern in different populations is a proof that the variations in asymmetry are genuine and not a consequence of technical artifice (sample or procedure).
The S curves of body weight-for-age and height-for-age drawn from the data taken from the schoolchildren from Jequitinhonha, Minas Gerais, Brazil, were similar to the curves that represent the CDC-2000. Besides, the dimensions of the S values can be considered of low magnitude and considerably higher for the measurements associated with body weightfor-age than for the measurements related to height-for-age. The S curves for body weightfor-age showed a peak value close to 22% for each gender, which coincides with the expected beginning of puberty, earlier in girls than in boys, but longer in boys.
The M curves for body weight-for-age and height-for-age drawn from the data of the present study and the data from CDC-2000 reference are quite similar up to 12-13 years of age, earlier in girls. In older ages, the curves depart from each other, with greater values for the curve drawn of the CDC-2000, reaching the highest discrepancies at the age of 18 years. The differences between the mean values presented by this study up to 12-13 years of age and the CDC-2000 references were 4-6 cm lower. These values represent a deficit of heightfor-age of about 3%, at an age close to reaching adult stature.
The M values, for body weight-for-age had a similar tendency to the measurements of height-for-age. However, the differences between the measurements presented by the CDC-2000 reference and those presented in schoolchildren from the Jequitinhonha Valley, Minas Gerais, Brazil were more accentuated, clearly in older ages, which confirm a higher sensitivity of this growth parameter to environmental factors. At the ages preceding the expected biological maturation peak, the mean body weight of the girls of the present study presented values from 0.5 to 1.0 kg lower than the CDC-2000 references. In boys, the differences started at 0.6 kg at the age of 6 years and reached values of about 3 kg when close to 14 years of age. Then, with the advancing of age, the differences became progressively more accentuated in both genders, so that at 18 years of age the weight deficit reached values of about 3 kg in girls and of 6 kg in boys.
Comparisons of percentiles for height-for-age and for body weight-for-age in this study and the CDC-2000 reference confirmed the differences associated with gender and age related to the magnitude of physical growth deficits identified in the schoolchildren from the Jequitinhonha Valley, Minas Gerais, Brazil. Higher deficits were observed in the measurements of body weight-for-age in boys in the age segment from 15 to 18 years old.
When consulting the literature available in this area, it can be observed that differences with similar magnitudes to those found in the present study have also been identified in studies comparing distinct ethnic populations (Hasan et al. 2001; Hakeem et al. 2004; Marwaha et al. 2006; Neyzi et al. 2006; Davies 2007) . It is possible and reasonable to speculate that these differences could be due to the genetic factors. However, it seems that the hypothesis of genetic differences cannot be applied in this case, since in the early ages which precede the expected moment of peak biological maturation, there were similarities in the comparisons.
It is important to note that results obtained in a study with a sample from an industrialized region of Brazil (Guedes et al. 2009) showed no noticeable differences in weight and height from the CDC-2000 reference data, being, therefore, superior to the growth indicators of the sample in the present study.
In this context, there may be indications that the deficits observed in height and body weight measures per age presented for both genders, from the beginning of the process peak of biological maturation, could be associated with environmental conditions, which can restrict adequate physical growth. In fact, at this period there are extremely significant nutritional needs associated with physical growth, which demand a balanced contribution of the metabolic energy offer, amino acids, mineral salts and vitamins, essential to a large spectrum of physiological functions (Spear 2002) . The contrast observed between girls and boys may be explained by gender differences in sensitivity to adverse environmental conditions. Although the mechanisms of these phenomena are still unknown, Stinson (1985) summarized several studies that show how boys are more sensitive to changes in the environment than girls. According to this author, boys under environmental stress conditions showed higher percentages of prenatal mortality, delays in physical growth, and higher incidence of contagious diseases.
On the other hand, the most important factor associated with physical growth identified in older ages may be related to the selected schoolchildren's nutritional history. Recent social advances and aid programmes available specifically for sections of the population from less developed regions in Brazil may have contributed to a greater physical growth profile for younger schoolchildren when comparing to older ones, considering that, a decade ago, when the adolescent schoolchildren were infants, there were almost no such programmes. This phenomenon has occurred in a similar way in other undeveloped and developing countries' young populations, changing, in a positive way, the trend of physical growth in children and teenagers (Prista et al. 2003) .
Conclusions
Using the information related to physical growth observed in this study we can conclude that, at younger ages, there were strong similarities between the data collected from the schoolchildren from the Jequitinhonha Valley, Minas Gerais, Brazil, and the data presented by the CDC-2000 references. However, deficits of height-for-age and body weight-for-age that increased with age were identified, despite the similarity of the increase presented by the curves of the L, M and S parameters of the present study and the CDC-2000 references after the moment the process of biological maturation is expected to start reaching its peak. At the age of 18 years the analysed schoolchildren were 4-6 cm shorter and 3-6 kg lighter when compared with CDC-2000 references. Based on the results found in this study and considering that information associated with physical growth has been found to be one of the most important indicators concerning the condition of global health and the quality of life of young populations throughout the world, the lower values of height-for-age and body weight-for-age observed in schoolchildren from the of Jequitinhonha Valley, Minas Gerais, Brazil, when compared to the CDC-2000 reference, suggest the need for adequate interventions as a way of correcting the existing distortions.
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